To estimate the prevalence and determinants of obesity in childhood and adolescence and their association with blood pressure (BP) in Abu Dhabi, United Arab Emirates (UAE). DESIGN: A cross-sectional population-representative study. SUBJECTS: A total of 1541 students (grades 1-12; aged 6-19 years) were randomly selected from 246 schools (50% male). Anthropometric and demographic variables were measured, and CDC criteria were used to classify children's weights. RESULTS: A total of 1440 (93%) students provided complete results. Crude prevalences were: 7.6% underweight, 14.7% overweight and 18.9% obesity. Further analyses were restricted to UAE nationals (n ¼ 1035), of whom these figures were: 8.3% underweight (females 6.5%, males 10.1%; P ¼ 0.06), 14.2% overweight (females 16.7%, males 11.6%; Po0.01), 19.8% obesity (females 18.1%, males 21.4%; P ¼ 0.09). Obesity significantly (Po0.001) increased with age. The majority (61.3%) of students had body mass index (BMI) percentiles above the 50th CDC percentile. Stepwise linear regression of BMI percentile on age, sex, dairy consumption, exercise and family income showed a significant (Po0.01) positive association with age and lack of dairy consumption, but not exercise and income. BP significantly (Po0.01) increased with BMI percentile. CONCLUSIONS: The prevalence of childhood obesity is high across the age spectrum in the UAE. Older age, male sex, lack of dairy intake and higher parental BMI, are independent determinants of childhood obesity in this population. Higher BMI percentile is associated with a higher BP. Prevention strategies should focus on younger children, particularly children of obese parents. Longitudinal studies are needed to investigate trends and the impact of childhood obesity on the risk of non-communicable diseases.
INTRODUCTION
Childhood overweight and obesity is a major public health problem in both developed and developing countries in economic transition, such as the United Arab Emirates (UAE). [1] [2] [3] Moreover, the epidemic of childhood obesity is growing rapidly worldwide such that prevalence statistics are quickly becoming outdated. 2 Childhood obesity is an important early predictor of adulthood obesity 4, 5 and its sequelae. [6] [7] [8] [9] [10] Although the etiology of childhood obesity is not fully clear, available scientific evidence suggests that it is the outcome of a complex interaction between biological, psychosocial and behavioral factors. 11 Over the past four decades, the UAE has gone through a profound and rapid socioeconomic transition leading to fundamental changes in the population's lifestyle, dietary habits and patterns of physical activity, 12 similar to the modernization processes that occurred in the western world, but in a much shorter time. Thus, the UAE offers a unique opportunity to study the health impacts of modernization. For example, there has been a marked shift from communicable to non-communicable diseases, including obesity-associated disorders, for example, diabetes, dyslipidemia and hypertension. 12, 13 Existing evidence indicates a high prevalence of childhood obesity in the UAE, but estimates vary widely. 3, [14] [15] [16] In 1999, Malik et al. 3 estimated the prevalence of childhood overweight and obesity at 21.5% and 13.7%, respectively. In the same year, Al-Haddad et al.
14 reported a lower prevalence of childhood obesity (8%), 14 whereas Al-Hourani et al. found the prevalence of overweight and obesity to be 14% and 9%, respectively. 15 Most, if not all, of these seemingly conflicting findings reflect not only true differences in prevalence, for example, due to the choice of study population, but also heterogeneity in research methodologies, data collection and reporting methods, particularly regarding age stratification. Hence, these discrepancies necessitate the collection of representative data to accurately estimate the prevalence of underweight, overweight and obesity and their determinants, for example, socioeconomic, lifestyle, dietary habits and physical activity, among school children.
The Abu Dhabi Childhood Obesity Study was designed and conducted to estimate the current prevalence of overweight and obesity and the associated risk factors in a randomly selected representative sample among children attending public schools (grade [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] in the Emirate of Abu Dhabi, UAE.
SUBJECTS AND METHODS
This study was conducted in the Emirate of Abu Dhabi, UAE, between January and December 2011. All study protocols were approved by the Al-Ain Medical District Ethical Committee.
Subjects
The study subjects were recruited from public schools (grade [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] in the Emirate of Abu Dhabi, UAE, and they were stratified into three educational zones, viz Abu Dhabi City, Al-Ain and Al Gharbia (Western Region). School attendance is virtually universal in Abu Dhabi, and the sample frame was therefore adequate. A two-stage sampling process was used to select the schools and subsequently the students within each school. As schools are sex specific, we sampled schools in a stratified manner to collect a similar number of boys and girls. Overall, 294 schools (boys and girls) listed by the Abu Dhabi Education Council constituted the first-stage sampling frame. Out of these 294 schools, 23 were selected. The second-stage sampling of students within schools was proportional to school size to obtain a selfweighting sample. We sought a total sample size of 1200, but to compensate for refusals we increased the invited sample to 1600. A total of 1541 students and their parents signed the informed consent form, but only 1440 provided complete information. Of these, 1035 were UAE nationals who are Arabs of Bedouin origin.
Anthropometric measurements
All measurements and interviews were conducted by qualified nurses who were trained for 4 h on the data collection protocols. The height and weight were measured with a calibrated electronic scale with a mounted stadiometer from Seca (Model 769; Seca, Hamburg, Germany). Before the measurements, the students were asked to wear light clothing and no shoes. The students were instructed to stand straight with their heads, backs and buttocks vertically aligned to the height gage, and then their heights were taken and rounded to the nearest 0.5 cm. Simultaneously, the students' weights were recorded from the digital screen and rounded to the nearest 0.5 kg. A standard tape was used to measure waist circumference at a point immediately above the iliac crest on the midaxillary line at minimal respiration and was rounded to the nearest 1.0 cm. To increase precision, three separate measurements of height, weight and waist circumference were recorded for each student and averaged for analysis. Body mass index (BMI), the ratio of weight to height squared [weight (kg)]/[height (m)] 2 , was calculated to the nearest decimal place. The children's weights were classified according to the BMI percentile charts for age and sex from the Centers for Disease Control and Prevention (CDC) 17 as underweight (BMIo5th percentile), normal weight (5thpBMIo85th percentile), overweight (85thpBMIo95th percentile) and obese (BMIX95th percentile). Paternal and maternal weight and height were self-reported, from which the parents' BMIs were calculated. The average of paternal and maternal BMI was considered as the parental BMI.
Student questionnaire
A culturally adapted (specifically, questions related to sexuality and alcohol consumption were omitted) version of the international obesity task force (IOTF) questionnaire was used. 18 Structured interviews on children's dietary and eating habits, and physical activities in the past 7 days, as well as smoking and sleeping patterns were conducted with students 10 years of age and older. Children younger than 10 years of age were assisted by their parents at home to ensure the accuracy of the individual, family and demographic variables.
Parent questionnaire
The parent questionnaire included information on parents' socioeconomic status, including household income, marital status, education, occupation and family history of chronic diseases. Parental income, occupational status and education were used to categorize the socioeconomic status as low, medium and high. 19, 20 The parents were also asked about the clinical history of their children.
Blood pressure (BP)
To measure BP, we used an automatic measuring device (Model M6, Omron Healthcare, Kyoto, Japan) validated according to standard international protocols. 21 Before taking the BP readings, all students were instructed to rest for 5 min in an air-conditioned environment. The measurements were taken three times on the right arm using an appropriate cuff size with short intervals between readings, and the average of the last two BP readings was calculated and used for analysis according to the Fourth Arterial Hypertension Guideline. 22 The children were classified as hypertensive if they presented with a mean systolic BP and diastolic BP above the 95th percentile for age, sex and height, as per international protocols. 22 
Physical activity questions
To assess the frequency and duration of the children's physical activity, we adapted questions from the short version of the International Physical Activity Questionnaire, which included specific activities classified by intensity, as walking, moderate (for example, bicycling at a regular pace), vigorous(for example, aerobics). 23, 24 A pilot study was conducted to establish the inter-rater reliability. The study protocols were reviewed and adjusted accordingly. Standard quality control and assurance procedures were implemented by independent interviewers. Quality control interviewers randomly contacted parents and their children to validate collected information.
Statistical analyses
Because of the wide range of variables and comparisons anticipated, we sought the largest feasible sample size within our time and financial constraints. Statistical analyses were performed using the Statistical Package for Social Sciences version 19.0 for Windows. Standard univariate and multivariate methods, such as Pearson's correlation coefficient (r) and regression analyses, were used. A P-valueo0.05 was used as the statistical significance level. Table 1 summarizes the demographic and anthropometric variables and the BP levels of participants by sex and nationality.
RESULTS
Among all students, nationals and non-nationals combined, we found a crude prevalence of 7.6% underweight, 58.9% normal weight, 14.7% overweight and 18.9% obesity. Overweight was significantly (Po0.01) higher among females than males (17.6% vs 11.7%; Po0.01), whereas obesity was more common, though not statistically significantly so, among males than females (20.7% vs 17.0%; Po0.09).
The non-nationals were heterogeneous in terms of ethnicity, dietary habits and lifestyle, thus further analyses were restricted to the 1035 UAE nationals. A sizable proportion of females and males (6.5% vs 10.1%; P ¼ 0.06) were underweight. The proportion of overweight students was significantly higher among females than males (16.7% vs 11.6%; Po0.01), whereas obesity was more common, though not significantly so, in males than females (21.4% vs 18.1%; Po0.09), as shown in Figure 1 . Table 2 shows the dietary habits, physical activity, parental BMI and socioeconomic variables of the subjects by sex and weight. There were significant associations between childhood obesity and parental BMI. Pearson correlations between the children's BMI percentiles and their mother's and father's BMIs were 0.22 and 0.17, respectively (both Po0.001). Table 3 shows the mean and s.d. of height, weight, waist circumference, BMI and BMI percentile distributions among UAE children and adolescents by sex and age.
Overall mean BMI CDC growth charts percentiles were above 50 (F: 64.4%, SE ¼ 1.47; M: 57.6%, SE ¼ 1.49). Mean BMI percentiles significantly increased with age in both males (r ¼ 0.23; Po0.001) and females (r ¼ 0.24; Po0.001) and exceeded the 50th percentile from as early as age of 7 or 8 years ( Figure 2 ).
We observed a similar age pattern when the prevalence of overweight and obesity was broken down by age group (Figure 3) . Notably, we observed a markedly higher prevalence of overweight/obesity among the age group 11-19 years than among younger children. No significant variations were found in the prevalence of underweight across the age spectrum ( Figure 3 ).
Childhood obesity in Abu Dhabi, UAE A Al Junaibi et al Table 4 shows several regression analyses. First, a stepwise regression was conducted of the child's BMI percentile on sex, age and the child's 'proximate' determinants, that is, self-reported lifestyle (dietary, exercise and income) variables. Of these lifestyle variables, only dairy consumption was (negatively) correlated with the BMI percentile, with each additional daily dairy consumption (for example, glass of milk) associated with a reduction in BMI by 2.52 percentile points (Po0.001). Second, a regression (stepwise, but all variables were included) of child BMI on the mean parental BMI as a proxy of hereditary and unmeasured obesogenic environmental factors showed a significant association between parental BMI and the child's BMI percentile. For every kg per m 2 of parental BMI, the child's BMI percentile increased by 2.34 percentile points. Third, no statistically significant interaction between the age of the child and mean parental BMI was observed (data not shown), suggesting that the impact of the parental weight is present over the total age range of the children. Fourth, BMI significantly influenced BP, with each percentile of BMI positively associated with 0.12 mm Hg systolic BP and 0.06 mm Hg diastolic BP.
DISCUSSION
We report a high prevalence of childhood underweight, overweight and obesity. The prevalence of underweight, independent of age, sex and socioeconomic status, suggests that undernutrition is common in the UAE. Undernutrition among UAE children has been previously reported, and was attributed to socio-cultural rather than economic factors. 25 Lack of knowledge regarding healthy eating habits, as evident from our study (inadequate consumption of fruits and vegetables), may be one plausible explanation, but other underlying factors, not identified by our study, may contribute to the relatively high level of undernutrition in this population.
Our results show that the current prevalence of overweight (14.2%) and obesity (19.8%) is higher than previously reported from the UAE. 3, 14, 15, 26 However, differences between our study and other studies in methodology, 3 sample selection, 14, 15 or sample size and design 26 may limit comparability. In our subjects, the mean CDC BMI percentiles exceeded 50, implying that our subjects are heavier than children and adolescents in the United States, who as a reference population by definition, have an average percentile of 50. This is also reflected in the slightly higher prevalence of overweight and obesity in the UAE than in the United States. 27 In the past decades, countries in the Middle East experienced a rapid increase in the prevalence of childhood obesity, often Childhood obesity in Abu Dhabi, UAE A Al Junaibi et al attributed to decreased physical activity and overconsumption of processed and energy-dense foods. For example, a high prevalence of childhood overweight and obesity was reported among girls in Bahrain (38.5%), 28 and Kuwait (31.8%), 29 similar to our findings in the UAE. In contrast, lower prevalences were reported from less wealthy countries such as the Islamic Republic of Iran (3%) and Lebanon (3.2%). 30, 31 Of particular concern is that the average child's BMI is above the 50th percentile from as early as age 7 or 8 years. In a similar study conducted a decade earlier in Ras Al-Khaima, UAE, Al Hadad Childhood obesity in Abu Dhabi, UAE A Al Junaibi et al et al. 14 reported that children's mean weight exceeded the 50th percentile at the age of 13 years and older.
14 Our findings may provide the first evidence to suggest that childhood obesity is both increasing and occurring earlier in life in the UAE. Of note is the sex difference in the prevalence of obesity, which unlike overweight, is higher among males than females.
Recently, Ng et al. 26 reported a high prevalence of being either overweight or obese among male (27.9%) and female (40.2%) adolescents, as well as pre-adolescent boys (25%) and girls (40.7%) in a small, but population-representative sample. Our findings suggest somewhat smaller sex differences. Perhaps, Ng et al.'s 26 more pronounced sex difference in overweight/obesity can be attributed to the use of the IOTF classification that differs from the CDC classification 17 used in our study. Nevertheless, there may be several other reasons for these differences in sex-specific prevalence. In general, obese girls are more motivated to lose weight after puberty than boys. 32 Another possibility is that boys in the UAE, may have been allowed more freedom than girls, and hence easier access to fast food restaurants and soft drinks.
We identified several independent determinants of obesity, including older age, male sex, lack of dairy consumption and higher parental BMI. However, no associations were found with exercise, perhaps due to the (inaccurate) self-reported nature of this variable. The association between obesity and age is suggestive of age-related, still unidentified, environmental or unhealthy lifestyle factors that, as opposed to genetic determinants, are amenable, in principle, to intervention.
Our finding of an inverse relationship between obesity and dairy consumption is interesting and is in accordance with observations from the Framingham study. 33 Physiological processes related to calcium metabolism may account for this relationship, but selection and other biases cannot be ruled out altogether. For example, overweight children and adolescents may be more likely to restrict their consumption of dairy products owing to a perception that dairy products increase body weight. 34 Traditionally, goat and camel milk constituted a major part of the Bedouin diet, and like other nomadic peoples, Bedouins have a low prevalence of obesity. Obesity is associated with a loss of traditional dietary habits. 35 A clear risk factor for childhood obesity in this population is their parents' BMI. Although the causal mechanism underlying this association (familial or environmental)
has not yet been identified, similar positive associations between overweight children and parental obesity were previously reported from other populations. 36 Whatever the cause, children of obese parents should be considered and treated as a risk group for obesity.
In turn, the BMI percentile was a determinant of BP, consistent with other findings, 37 and this relationship underlies the importance of addressing the obesity problem.
Our failure to identify more elements of lifestyle, particularly exercise, associated with overweight/obesity is disappointing Childhood obesity in Abu Dhabi, UAEbecause it limits our ability to formulate clear intervention guidelines. Levels of exercise were generally low, perhaps for a majority of children too low to impact on BMI. If so, then this would highlight a pressing need for the provision of sexsegregated and temperature-controlled indoor sport facilities in schools and community centers. Environmental factors (a hot climate of up to 45 1C in the summer), and existing cultural norms which could restrict outdoor physical activities, particularly among women in the UAE, [38] [39] [40] may constitute major obstacles to adequate levels of physical activity. In this context, it is important to acknowledge the ongoing and large-scale restructuring and expansion of sports facilities, most notably in public schools within the Abu Dhabi Emirate.
As expected, there were no significant regional differences in the prevalence of overweight and obesity. It is difficult to classify the three study regions into 'rural' and 'urban' mainly because traditional rural life in the Abu Dhabi Emirate has largely disappeared following the rapid economic developments and massive urbanization in the past 40 years. This has resulted, to a large extent, in a uniform lifestyle throughout the Emirate.
Taken together, our findings emphasize the need for a commitment at all levels to curb the currently alarming levels of childhood obesity in the country and their likely adverse longterm consequences. Moreover, there is a pressing need for further research in understanding the etiology and sequelae of childhood obesity and its prevention, including studies on appropriate and culturally acceptable interventions in line with international recommendations. 41 Strategies such as promoting traditional dietary habits, that is, the consumption of unprocessed foods, such as dates and camel milk, could be explored.
The limitations of our study include a sample from only one Emirate (Abu Dhabi) in the UAE; yet, we think that some results can be generalized with caution given that the Emirate of Abu Dhabi is the most populated and geographically the largest Emirate in the UAE. The self-reported nature of the data on exercise and food consumption may have limited our ability to accurately quantify their impact on BMI. Moreover, while the children's height and weight were measured, parental BMI was based on self-reported height and weight and may be less precise.
In conclusion, the prevalence of overweight and obesity in the UAE is significantly high among children and adolescents. Older age, male sex, lack of dairy consumption and elevated parental BMI, but not self-reported exercise or family income, are independent determinants of childhood obesity in this population. Moreover, higher BMI is associated with a higher BP, indicative of the adverse effects of childhood obesity.
Prevention strategies should focus on younger children, particularly those with a parental history of obesity, and should encourage the consumption of dairy foods. Longitudinal studies to investigate the trends and the impact of childhood obesity on the prevalence of non-communicable diseases in the UAE are recommended. Childhood obesity in Abu Dhabi, UAE A Al Junaibi et al
